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Magnetic recording medium - includes composite two/port 
underloyer with e.g. zirconium (alloy) lower layer and chromium 
(alloy) upper layer 
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Medium has (1) non-magnetic substrate, (2) composite non- 
magnetic underlayer composed of (a) lower layer of Zr, Si, Ti, Y, Sc, 
Al, C, Ge, Sb or Cu or the alloy or A1203, S102, MgO and (b) upper 
layer of Cr. Mo, W, Ru, Os, Pd, V, Nb t Hf , Rh, Pt, Ir or the alloy, (3) 
metal magnetic thin layer and (4) protective-lubricating layer. 

ADVANTAGE - Modulation, SN ratio and recording fidelity are 
improved. 

In an example NIP magnetic layer was plated on Al-Mg alloy 
substrate. Lower Zr underlayer and upper Cr underlayer were 
provided on the NIP layer. Co-Ni magnetic metal thinlayer was 
provided on the composite underlayer. Carbon protective layer was 
provided on the Co-Ni magnetic thin layer. The magnetic recording 
medium has 28.0 D50, 7.0 dB SN ratio and 1% modulation, (llpp 
Dwg.No.0/4) 
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1 . & ^ tf> * # 

2 . 14 » tff * <o t9 ea 

Sffi^Tifijgw«fiC8Tifiett, Zr, Si, 
T i , Y . Sc, Ail , C , Ge, Sb, Cu0^*» 
<fc y as 12 ft a '> ft < k ti 1 ft <D 7C * . 4 tt - 
ft * © 5c ft <& '> ft < t h lf8&±jfc*>kT3£ 
A . tiU<ttft{fc7^*-*A. ft it * 4 ft , 
ftffc7^*i/*A<&}*),fcyiSlfft*'>ft<k 

A3 0) & ft OS T *6 E , C r , Mo, W, Ru, 
Os. P d , V, Nb, Hf, Rh, Pt, Ir«^ 
*» J: y ifi tf ft * '> ft < fc 1 S 0> A ft . * 1* 



£ft*<B5c ft <fcfcl«fc±fi&#i:*a 

ftff (*. 

2. ai^T»«ft«rftrft*r»^zr f si, t i . 

Y, Sc, Aft, C, Ge, Sb, C u CD 5c ft fl? , *» 
ilfCr, Mo, W , Ru, Os. Pd, V, Nb, 
Hf, Rh, Pt, Ir05c3R««-5^J;yja«ft 

6 '> ft < k h 1 9 W 7C ft , * »i - ft e» 0) 7C & 
<*)'>ft< k lffl^HhS^fcti^^TiooT, 

* tL it & a ay i> *> <fc yjatfft«in-tt«ftffli>, 

±EM«fflTiftJWtt. * * 1/ - is 3 > tf/j* $ 
<fta*tt-CdlHL. ± ffi tt tt W M T tt Jfl li , 
S / N (s/^yu/y-fX) JttfUKftfc&tt 
-eriHHLfcik&«ttk-ra«llFffl*«)«sifflS» 
1 Jfl ic SC tt <3 IS S SS ft & ft . 

3. ffl£TlflJ3£W/>a Zr, Si. 
Ti, Y, Sc, AA , C, Ge. Sb, CuC0e>*> 

«k y a ft s ^ ft < k h ia©jc *&±ia»k 

UT^^TU, Zft ^J^^CDTCft &20JS-?%WT 
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tftf-faSa. *b<l*Cr. Mo.' W. Ru. 
Os, Pd, V, Nb. Hf, Rh, Pt, IrO^ 
t> &*) Ml**, Z '>U <**> 

Tatf**^^**-**^* 1 "** 9 **** 

4. fctttMTlfifl&Zr. Si. T i (0 3 t> «* U 3 

tf*i6*^<ttiia«)7c*. * l * - n * m 

b. attBHTliSBIKr^KttCr^lStH 

6. #«ttlS«li. Al£*tt*»c!|s«tt* * *fl 
?fc*NiP*v**fcb 



JSBflas 63-18741(5 (2) 
7. ttttwoiaiatf. cot u < nco&iifi^fc 
* u ft* si i: 

<0 ft St » » «E f* . 

10-60% 3 ti Co- Ni£&K. SfcKZr, Ti, 

\UO> 1 < * *> 1 * • Coil 

• kft«ttfc-r*»n : M#^«B8* 1 * <tl ' l/ 
#7iA(ov>rn*itfK* e ** ( * ){jl ^ jel ** 3 * Wc " 

9. «ttJB«»Jft#- «^ %-CColC»LTNife 
30~50%<ftt/Co- Ni££U: , SfcKZr, Ti. 
H f (0 ^ *> tO ^ ft < 1 ® <*> ^ # * ' Cot 

cfcfctt«fc1'*«ttffl#«>tt n3Bl ** l * i ' 

jn7m«)v^-rn^i^^Sii® w * 22 * a * • 

10, ttttJH©ttia«S. JjJ(^%-CColC«L-CCrft 
3-20%^t/Co-Cr^4ti:. SfcKZr, Ti 
Hf<Be>*>CO4>ft<i:fcl80>7t$$:. 
■ecofc cr<B£3tftK*f b-ct&fn-e 6 -30*3 



11. BttJB^nA^. «if%t!Coi:»ltCrS: 

5 -18%tttf Co- Cr££K . S£KZr, Ti. 
Hf© } %<0'>ft < t * 1 ft^Tt** * ' Sfi% 

12. »«cfflT«JB«)H»« 5 50- 25OoA * ,b<tt 
100- 1000 A W«5BBtJo * ^^W^^' 

n j/! # co « h # i * ft ^ L » 1 1Ifl w v> r * * 1 

flic & 

13. fl^fl ffl Tttfl CO GSIJ** 100-5000 A* b < 

H500-3000 A co® Bfi-e«> * z t Zttmt* * 

14. ttftH0>KW#lOO-lOOOA b < 1*300- 
800 A«D«H8-Cfe*c: fc S«»fc-r*«nM# 

o « b » i ni ft ^ t » i3i/i «> t n i * ^ e 



«co sa^se 

15. BttJH<0»fl5fc»«iHi&fc* It, 

loo- iooo a t> t < »*2oo-6oo A-««n a 

«WI38 l Jflft ^ b»M« to v^r l 

3. £nn<o#*BftSft«n 
c ffi » -h <*> ^ ffl *> s ^ 

^jnutaft^-fx^ssafflft^^rat^n* 

s/n iv & -r n* / J 4 it a* 35 < f & £ ai # 
co«iJjto'>ftv^ttfifi-cm«tttoHv>ttaac»« 

£0fl54 - 33S23^&*flK * $ ix T v> -5 «fc } K . (2 
S ft T V* * . rcoMEfctOJBiatftfcfcbTl*. - tt 

k . x /< * * v * * » . n S2 « » * • * « » * » 
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1 986* gj547H*&»549H (J. Vac. Soci. 
Technol. A4 (3). Hay/Jun 1986) £ t> V* "C Sd 

A I*. ?-<**«-*flKafca*tttf4&» ^ 

s/3>0>*£3ti. .taaaicfinTa^&ftT 
rtHattftaaKatR-r*-***^"*"* 51 * 

ttl u-j/a vk:*B Ufca*®*»®^* 

0 x , fc^tb/j, safc&a. (s. 
/Njt) ft 
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>i y .»tft-C*«±KNlP k A«*fctt MiP k Co 

ftttfl utTJfiB tti c * -ess /Njt«*a 
rii-e s a - * * v> * • * fcf 

ft raOflSS- 62825^ & « 34 * 

««ras4i-c««a*ft:«raj«^**- fc * 5 * ,ft 

X^^'J^i&U'J. CrT«S» k Co- P t 

Btt»ft*«uT*ft-r«cfc-eA#*aft*tt 

tt ft ^ K o ^ "C » * » * & w * * * * T V ' * b {t 

# * ft O • 



S/N*fc. Ktt£&ft*<B«£ttftK**££tttt 

& A a it -r * k * u da u r « ^ <o « «* * ft 

3ATV^ftfr-afc.. 

.s^asaiattawfcft^**- 41 ^** - 
catt/i ft«t*** fco©*a) 
jisca^ti. *att««±K'>ft < * *t*«. 
«*t/attH*»6ft&aftatt«WKfiv*r. t 

£{H5 0)Ti&J8»i . Zr, Si, Ti. Y , Sc. Aft. 
C . Ge, Sb, C u ft if <B 7C & . t» U < 1* w A 6 
tf> £ £ , ifcliwn^^jc^^L/< li ^^ l: » - 
A&tt*©5£aft"«t (**> #*l< 

(«, o, ft if). a<t<r-r* (sio,**f). 
KftT^^n (Mgoftif) © * * * y a tf 
a s /> ft < 1 *> i a © a <t ft *» & ft y • s 6 K a 

ttSiKWTiaSti. Cr, Mo. W, Ru. Os. 



P d . V, Nb, Hf, Rh, Pt, I r ft if © 7C $ . 
fcU<l*CA£©£ft. *fctt£A*©5c**L 
<l±££H. rA&&*r©7C* *20at%UT. » 

$ l < ttio«t%ttTio*.fc**® s y a* ft 

«ffi{8IT«Sia k Zr. Si. Ti. Y. Sc. Aft. 

C. Ge. Sb. C u ft if © 5u # *? * ^ C r , Mo, 
W. Ru, Os. Pd. V. Nb, Hf, Rh, Pt, 
I r ft if © 7C & . fcL<tt£ft&©W**±*0 

fc**6£©e>*>*yatfft*'>*<**> 1 * fi * ) 

56 * t» U < tt*£ £ ft . «*.tfritBa«ft**<l" 

a < ft a&tt*ei£& b . ±Ki: 

* < u , a>ofia85B30#*£ft*£ <LT ' s/ 

NJttfl^ft*****'*®"*'*^*^* 0 "^* 

8qu©BWfciija-r*-* nt, « 

aaica»*T»«oHWrt . soa&±. 2500A 

flTcto:k#ff*K' 100- 1000 A C0t5EB 

«* y ft * t 1> - * . aitaaicawftTaa 



WKWli. 100- 5000 A <?)UM tfft* U < , X U 
*/* U 1**8 08 1*500-3000 A "C * . 

Co, Ni* fcl± Fe<B , fcUltCo, 

fP*i/^#, t* u c o £ i r& a t *T -6 £ £ cfc y 
#*Lv*. fit, S6k:«attco,£-e±k:co 

fcNitZr, CotNitTi, CotNitHf, 
CofcCrtZr, Coi Cr i: Tit l< li Cot Cr 
£: Hf i: (D££ t L , Ti, Zr, Hf<&S9#fc, 
CohNiCD«SSlC^L-C f l8la-C0.1at%^±20 
at%£lT, «fc U 3* L < l± 3at%^±12at%£(T. 

i tz cot Crtattfi ic *t u r , tgfa-e 6wt%J£t± 
30»t%JBlT. * U 3* L < ttl0irt%&±25«t%& 
TT**dt««Sa*t^. ifc, Ni^ColC^t 

S3-*rBttl0at%a±60at%&T. * M IF * b < 
l*30at% &±50at%&T"C . C r (0 C o IC # + * £ 
*fftl* 3at%J£l_h20at%jttT, £ y $F $ L < II 5 



?$BaB3B3-187<llU (4) 
ioo-ioooA<o«siffl^fti t < . <kyff*Ui%« 
pa i*3oo~aoo a -eft a . 

±S2attfl0&i5K&/!MOOA «± , 
1000AWT. <fc »J C < tt200 A^J:600 A&T 

( JTi ) 

* IB 18 # * I* . NiP&;<y*LfcAA£££& 
Jit, & 150r t L, Ar#*£E & 5 -40 

mTorr. & A ffi # * 0 . 5 - 1 5 W / cn 2 g * T 
RFX^y* 'J> $r ST 3000 A (OCrTJftja, 600 
A 0) Co,,., Ni.. a . Zr...,fltttJB , 400 A 0) C {£ 

fl5D$lc Ar^/Xffi&i5<t5i:^i:, iSAta** 

Lx&®&8izfri< < + z z tv&H&& 

« & £ Xj- S / N It it ?S < * ft , 

3 > ti * * < Jfe y , i££Ar#X£&/J>$<-f* 



& S / N jfc tt {& < ^ 2 t v * 3 d k. # # o 

Wtt£J?flfiLfci:c:*, f t/-J/ 3 >liCr 
TmM<7>&1R&fttzVVVli*-oT^Z<7>lZ#L , 

<&&Aftt/J-Cfi&& Tififl, 
Httt^<7)Wfl^^500 AeJKaT»C«ia<t L , ffi 

<fcu, s/Nit, sd«^ar«ftt^fRi±urv^c: 

i: 91 £ * IC -a • L aft* L £ (0 <fl £ ic, X U £ 

*nnu^^-;u7w^irai-ecrTifijef. m& 

T fi&fi U £ tz tb , Cr-FiflWtAfnxt ji 
ft&^oT^fit, & ft r w> X * K ift £1 * ft 



# £ £ b , i <Z> £ tf> tC, Rfl#|5ltf>tta4$ti: 

I'iCt^Hl^lCftofc. d <D m ft W: , fiAr 
#XJE, ifl5i5Afa^t?Ti(SSS:^ffilUfc«^tC^ 
Lt>. StS &3Orp«T0 |g L 

)i »d CrTiffe^ , ffittS t T ^ (Hj C X 5 

iZlZib t\tz. it, CrTlfc/SC0S3J5£&*.T 

tz. 

&±&'<tzl8.W0ift t i? iU-i/ 3 >^C0D9 

0. <fc i:' I* Rfc 0 E , r -f ^ ^ O ffl ^ , * /< y 
^I^WAr^^03JA*fij, R F , 

<t -r 5 , s; jl i/ ~ i/ a > a> ^ $ < u s ^ 0 
^^-eiiKtt^ffi^tt. s/Nifci:tfiv, ic . 
^^'i u - i/ a > awj> $ < ifc i ^ -c li se & 0? jk 
S/Nifc^^itvODd^it^^^yti-, 
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CO Cfc 
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: ft o r 
ft Ar 

£ i 3 
git 

£/ a > & 

* K ft -a 

v i: CODQ 
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), RF, 

* V f - 
K * o T 

• . H£ ic. 
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. & u fit o 



tPf:. mi*. _b£co<fc^K*5flte<&ffiflttK 
*oTS/N#ib*J:tf*i'*^l'-f3 > fc * ^ 

i ntife»t*4. ^k, cr, 

Zr, Ru, Pd, V, Nb, H f . Rh, P t ft Z CO 
Tta/S#8. Co-Ni, Co-Cr, Co-Re. 

| Co-Pt, Co- Fe£&ft ifCO&ttflttfcKft* 

i 

j -eTftattfli: Ittt, Sc, Y, Ti, Zr, Hf, 

V, Nb, Ta, Cr, Mo, W. Ru, Os, Rh, 
Ir, Pd, Pt, Cu, Ag, Au, C, Si, Ge, 
Sb, Bi, AAft ifCO UK******, SiO,, MgO. 
Al.On TiO, ZuO, ZrO.ft ifCOfttttt* ^ 
ftSttfllCO^Tffffifctlft^. 
; Ttt, RF, DCX^»>UVif». Xfilitt* 

► ^ * > f - a x y * >; V ^ a ft if £ o H r a * 
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TififlCOtftSfflCOtttfS:. Zr, Si. 
Ti. Y. Sc. Aft , C, Ge, Sb. C u ft if CO 7t 

$f * U < fclOat* &T)tiiXtzit£, t» t < tt 
MgO, Aa,O a , SiO,(0^J:'Ji9tfn4'>4 
<Hl«tH, Ti&flcottftflfflCO#tf&, 
Cr, Mo, W, Ru, Os, Pd, V. Nb, Hf. 
Rh, Pt. Irftif<&7C*tib<rt-ft*C0<££. 
S ti C ft * CO 5c 3? b < ti £ & K . 
CO** &20at% J&T . b < ttl0at% WTADi 

£ £ , (0^iU)8lUo'>4<i:t litt 
h Z t V , tS/al/-J/aVtf/hJ<, S / N it 

Zd-C. fitSfflCOTiSflttfiSBSifcttli. & co * 
i7 =l U - •> a V /J* S < ft 4 £ ft T & H L . S 
/ NJfctfiQi < ft fc^. fift tt « fifl CO "F ift 

JSttftRK&tt * UT«:S/NA;COHv*£ff#J: U 
**v*li. fl^Tififlcottfti: LT 



Zr. Si, Ti, Y. Sc. Aft. C. Ge, Sb, 
C u ft if CD 7t vf? & <tUCr, Mo. W. Os, Ru. 
Pd, V, Nb, Hf, Rh. Ir. P t * if CO 7C % CO 
o ^ X U j& it t\ h '> ft < £ t» 1 ttd^<i:4 7t^* 
/httm^CQ;*#£±j£#i:-f3££&ffl^. * 
tSflBTiftJBfcb'C. * *J a. U - > a > A'wjx $ < ft 

ttttWfflTflSlfflfc bT. S/Nifc, 22**&SE 

^ i: "C . * *>" a U — f a > , S/Nlfc, SB # & & 

n ai u . zt\\±. ± 2e * ft k ck n ti , v> -rn co 

*^^tt«J:lc*fi-r*tt»ITil!lJB«)ttlftia«^, 

ii^,4Ht4J:oi:fi2fib. C1C0±IC$^ICKS/ 
Nit, !53e«^Kt4 4*^-Cm2C0Tta«, *J 

ti^:t/i<, RHEEDtS, BrETEMBlfcifc, 
X W @ W tfc * if 11 ^ « CO & * 151 S ft* K « o 



f-. IfctSfflcoTifiM cottft t ttttJHifflco 

T ta M co « K t S i *r ± ffi co « t ± <i: U * 

0 s * ft- "C BI -T * C k ic J: U . tttt^cott^KL^, 
VifritZ ft Z t-#> > ifi5S/Nit, K"52e»54?KWtt 

i5i h? ic a ^ 5 n & . 

«JL±C0tt»tt. ««{WcOTmWEIWtf50A^± 
2500 A WTC0MK!S(l3fCfc U . 100A^J: 1000 A 
Jft T co ■* ic ii <k U SI « -C *> ~> fz . * fc fifi ft W HQ 
CO T ift J9 CO HQ W l± , 100-5000 A CO *5 M "C 5* £ # 
do »J , t>? IC 500 — 3000 A C0tSG8"C8fi3£#$&JRtffc 
^ . C i T , fH^Ttttiaco^SCO«^&^i/i 
©^co^j^^ffi2^<t-co^cfiK^tSft^iC5<, 
iiiijifitPAs ^S3co«i5S:X^-rntf^« 
(OfiXB5^fr$:5*3Zi;g!5iiCi:tiTS6COT. Jh 
ffi <0 <k i: R - « 14 r ffi fiX L r ^ ^ S « M t »± 
ft 6 ft ^ . 
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#fc-T *tttt*** b • S«C9T»S & Zr, Si. 
Tit. U < ttift*0>**fc U. attflffiJTJfifl 
frCrfcb. V*T ntOTiftS fcR-fclfifia&tt 

S / N Jt i: 4 * CrT«B0fi&H&tt> 
t:B«lf-«^, fcU<lt, Tififltttt&Cri: 

-Cr, Co-Re, Co-W, Co-Pt, Co-Fe, 
Co-Tifc*0)**&K£ ottttSSlfiH^tt 
t frh z. ft * Co&£*li Cri: . ** 
CCrfctZr, Ti, H f . ^ S i * * i: fi * tt £ < & 

c****<o**4ttft«an*tt 

L*fc, Cr, Zr, Ti, H£, Si**lt«tttt 
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JfliifCtt. NiP & * 'J * L fcAt**&« rf» 

Watt*****.**' CojR^AW^ttCo- 
Ni-Zr, Co-Ni-Ti, Co-Ni-Hf, Co 
-Cr-Zr, Co-Cr-Ti, Co-Cr-Hf^ 

A***** off * a^wft*** 
a a 4 * <o ^ it . Ni<BCoK#**a£ 

fclOat%&±60at%&T. Cr«CeK«tS«ffi 
fe 3at%»±20at%^Tfr 6 C il L V> . 

Ti, Zr, Hfflffl&lt. Coi:Ni£*t 
UT0.tat%£tJ:20at%&T, * 0 3 * U < It 3 
at%&J:12at%&T , Cok Cr^it U t 6 vt% ^ 
±30vt%£T, J; US* U <ttlO«t%ttJ:25«t% 
filTTfei^^SiO^. C ft It . Zr, Ti, 

1OO~1OOOA0>*5 88 # *f 4 0 < , ± »J ff * I*** * 
(ffl tt3O0~800 A *C * . 



r a e> k i 

fit 20 m / s , 
tint. 



Na 
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Zr 
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Ti 


3 


Si 
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C 


5 


Qe 


6 


SiO, 




c 



fc&J55000/ 
U - > 3 > : 



5 * KsasattjaanffiKW' 0 " sio,*r« 

Rh, C, B, BN, SiC** fr*4*B3J5 
lOOAtt-klOOOAftT. *Uff*U<ttMOAtt± 

BIT****©-****** • BifiK:*-*^ 
Til *b KS**HK8ftBfl-r HKlS^T, E-ft^ 
£ttUfcfc<3ltE-&&*t<ttEC»ffe&** 

1 ) 

55 1 aii^trt < . «- Mi******* 

££<* licit. NiP, NiWPftif****** 

* v * IS 2 , S K , Zr. 

S i. Ti. Y , Sc, At, C . Ge, Sb. Cut U 

<ticn^^^i. *fe«At.o,. sic. 

Tiftige, 6 'o'^Cr, Mo. W. Ru. Os. 



Pd. V. Nb, Hf. Rh, Pt, Irfc*. U < 
li £ ft * <0 £ * V> T * * 1 « ^ ^ * * * * 
X!<HiB2*>Tififl7 . 7 ' *^±SP 
KCo-Ni, Co-Cr, Co-Re, Co-Pt. 
Co-Ni-Zr. Co-Cr-Zr, Co-Ni-Ti. 
Co-Fe. Co-Cr-Tt4*f*4ft«tt»3. 

«6C*»±CC, B. BN, 
SiC. SiO,. Rh. *a«Mfc*4**&4*# 

4'*«lt6ftt^*' 
^ASWicov^-C^micW^^* * • *M£13° D »*» 

rttt40«d. /5$1.9ti»(OA4^*»^ 1 <0-tlClS 
^05^ffittl2wt% P - Ni* v *M 2 , 2'Z3& 

Torr, R FfiA«^J 2 W/cb»-C Zr. Ti. Si. 
C, Ge. SiO.OHf ft* 1 * 1 ***. B5W500 A 

-e352<&T«&® 7 . 7'tltCrM500 A, IS]* 
"C I* JB 3 , 3'HtCo,,,,Ni..,Zr..,, 



Hf- 10% Z 
ttJEf 7 . 7 
A 0) C o. . • 
m T orr , 6 
4 ' 

55 2 0) T 1ft 
it # ^ <fc 
% J£l T # 
IC it X T 8 
I r , P t . 
)£ & 35 2 <7) 
tf> £ ft * ; 
■C 4 . 

W /c«' "C • 

A V> Y , S 
S i O , , AJ 
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"(6) 

att»<o 

t» Co- 
f, Co 
HtU Z 

r *a& 

Jifc:# 
< It 3 

:25wt% 
. Ti. 

& tf/Jx 
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